Abstract
INTRODUCTION
Gastric cancer has become the fifth most frequently diagnosed malignancy and the third leading cause of cancer-related deaths worldwide [1] [2] [3] . Most patients are unable to get timely diagnosis and effective treatment due to the lack of obvious symptoms in the early stage. Moreover, many patients are likely to relapse even after regular radiotherapy and chemotherapy [4] . Gastric cancer is sensitive to chemotherapy, and it is more clinically treated with combined chemotherapy for the purpose of palliative treatment [5, 6] . Many regimens have been used for the treatment of patients with advanced gastric cancer, but none are considered standard. Recommended by clinical guidelines, docetaxel, cisplatin, and 5-fluorouracil (DCF) and epirubicin, cisplatin, and 5-fluorouracil (ECF) regimens are commonly used as first-line treatments for gastric cancer [7] . The results in some studies showed that the DCF group was better than the ECF group in terms of objective response rate (ORR), progression-free survival (PFS), and overall survival (OS) [8] [9] . However, in other studies, opposite results were obtained, and the ECF regimen had better antitumor efficacy and better quality of life for advanced gastric cancer [10, 11] . In a retrospective analysis from Turkey, Teker et al reported that DCF and ECF had similar efficacy and tolerability in treating advanced gastric cancer [12] . To solve the controversy, we conducted this meta-analysis of relevant studies to compare the survival outcomes [PFS, OS, ORR, and disease control rate (DCR)] and adverse effects (AEs) between DCF and ECF regimens.
MATERIALS AND METHODS
This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Review and Meta-Analysis guidelines [13] .
Search strategy
A systematic literature search of PubMed, EMBASE, Ovid Medline, ScienceDirect, Web of Science, The Cochrane Library and Scopus was performed up to August 31, 2018 , combining the following mesh terms: "gastric cancer", "epirubicin", "docetaxel", and "chemotherapy". 
Selection criteria and data extraction
We used the following criteria for selecting studies: (1) Population: Patients diagnosed with metastatic or advanced gastric cancer; (2) Intervention and comparison: DCF vs ECF; (3) Outcomes: PFS, OS, ORR, DCR, and AEs; and (4) Study design: High-quality RCTs and cohort studies. Studies without primary data, abstracts only, conference summary, meta-analysis, animal experiments, and duplicate data were excluded. Data were independently extracted by two reviewers, including the following: (1) first author, year, dosage regimen, dosage and cycle, patient characteristics, and study design; (2) PFS, OS, ORR, and DCR; and (3) AEs (all-grade/grade 3-4). A third investigator resolved any disagreements about terms.
Quality assessment
The Jadad scale (5-point) [14] and the Newcastle-Ottawa Scale (NOS, 9-point) [15] were used to assess the methodological quality of RCTs and cohort studies, receptively. Three main items were included in the Jadad scale: Randomization, masking, and accountability of all patients. The NOS also included three main items: Patient selection, comparability, and exposure. The scores were allocated as stars to each study. RCTs achieving three or more stars were considered to be of high quality. Cohort studies achieving eight to nine stars were considered to be of high quality; six to seven stars were considered to be of medium quality.
Statistical analysis
Meta-analysis was performed with RevMan (Version 5.3) and STATA (Version 12.0). PFS and OS were analyzed by the pooled hazard ratio (HR); if the HR was less than 1, the result favored the DCF group; otherwise, it favored the ECF group. ORR, DCR, and AEs were analyzed by the pooled risk ratio. We extracted the HR of PFS and OS directly from studies or from Kaplan-Meier curves according to Tierney et al [16] . The heterogeneity test was evaluated by using the Q test and I 2 statistic. If P > 0.1 and I 2 < 50%, the fixed effects model was used. Otherwise, the random effects model was used [17] . Begg's and Egger's tests were performed to assess possible publication bias. The result was considered statistically significant if the P-value was less than 0.05.
RESULTS

Study quality
We initially identified 965 potentially eligible studies. We further deleted the poor quality and repeated studies and ultimately included seven qualified studies (four RCTs and three cohort studies). A total of 598 cases of metastatic or advanced gastric cancer were included (257 patients in the DCF group and 341 patients in the ECF group). According to the Jadad scale and NOS, five studies were of high quality (four RCTs and one cohort study), and two cohort studies were of medium quality ( Table  1 ). The selection procedure is shown in Figure 1 , and the characteristics of the included studies are shown in Table 2 .
Survival outcomes
Four studies including 288 patients reported PFS. No statistically significant difference was found between the two groups (95%CI: 0.58-1.46, P = 0.73), with significant heterogeneity (P = 0.01; I 2 = 72%, Figure 2 ). [18] , 2006 ** ** * 5
Roth et al [10] , 2007 ** * * 4
Gao et al [11] , 2010 ** ** * 5
Babu et al [9] , 2017 * * * 3
Retrospective study
Abbasi et al [19] , 2010 *** ** * 6
Kilickap et al [8] , 2011 *** ** ** 7
Teker et al [12] , 2014 **** ** *** 9
Five studies including 431 patients reported OS. No statistically significant difference was found between the two groups (95%CI: 0.65-1.10, P = 0.21), with acceptable heterogeneity (P = 0.33; I 2 = 13%, Figure 3 ). Seven studies including 598 patients reported ORR. ORR was significantly greater in the DCF group than in the ECF group (95%CI: 1.13-1.75, P = 0.002), with no heterogeneity (P = 0.52; I 2 = 0%, Figure 4A ). Four studies including 351 patients reported DCR. DCR was significantly greater in the DCF group than in the ECF group (95%CI: 1.03-1.41, P = 0.02), with no heterogeneity (P = 0.97; I 2 = 0%, Figure 4B ).
Toxicities
We evaluated toxicities between the DCF and ECF groups based on total AEs (allgrade/grade 3-4). In subgroup analysis, we also evaluated the top ten reported AEs (all-grade/grade 3-4). Four studies including 288 patients reported total all-grade AEs. No statistically significant difference was found between the two groups (95%CI: 0.93-1.29, P = 0.30), with significant heterogeneity (P = 0.03; I 2 = 66%, Figure 5 ). In the subgroup analysis, DCF induced a significantly greater rate of febrile neutropenia than ECF (95%CI: 1.05-4.00, P = 0.04). Similar incidence rates of leucopenia, neutropenia, thrombocytopenia, anemia, anorexia, nausea/vomiting, fatigue, diarrhea, and stomatitis were found between the two groups.
Four studies including 288 patients reported total grade 3-4 AEs. The incidence rate of grade 3-4 AEs was significantly greater in the DCF group than in the ECF group (95%CI: 1.16-1.88, P = 0.002), with significant heterogeneity (P = 0.07; I 2 = 57%, Figure  6 ). In the subgroup analysis, compared to ECF, DCF induced a significantly greater rate of neutropenia (95%CI: 1.25-2.16, P = 0.0003) and febrile neutropenia (95%CI: 1.17-4.12, P = 0.01). Similar incidence rates of leucopenia, anemia, anorexia, nausea/vomiting, fatigue, diarrhea, stomatitis, and paraesthesia were found between the two groups.
Sensitivity analysis and publication bias
In the analysis of PFS and total AEs (all-grade/grade 3-4), our results showed significant heterogeneity. We excluded a single study to evaluate the impact of the study on the pooled results. The results suggested that the outcomes of PFS, all-grade AEs, and grade 3-4 AEs were stable and reliable ( Figure 7 ). The results of Begg's test and Egger's tests were as follows: ORR (P = 0.548; P = 0.491, Figure 8A ), PFS (P = 0.089; P = 0.155, Figure 8B ), and OS (P = 0.806; P = 0.481, Figure 8C ). There was no evidence to identify significant publication bias.
DISCUSSION
Gastric cancer is still a worldwide malignant tumor with a high mortality rate [20] . At present, since screening gastric cancer is difficult to popularize, most patients are in an advanced stage and have lost the chance of radical operation when diagnosed [21] . Even if the tumors can be excised, there is a great chance of local recurrence after the operation [22] . Cisplatin-based combinations [particularly cisplatin and 5-fluorouracil (CF)] have been recognized as one of the preferred regimens for advanced gastric cancer. As improved regimens, both DCF and ECF regimens are superior to CF [23, 24] . This study is the first meta-analysis to compare DCF and ECF regimens for advanced gastric cancer. The results showed that PFS, OS, and total AEs between the DCF and ECF groups were comparable. The DCF group was significantly better in terms of ORR and DCR than the ECF group. However, the incidence rate of grade 3-4 AEs was also greater in the DCF group than in the ECF group, especially for neutropenia and febrile neutropenia.
From our results, four studies [9, 10, 12, 19] showed that DCF significantly prolonged the OS of patients compared with ECF, and three studies [8, 9, 19] showed that DCF significantly prolonged the PFS of patients compared with ECF. The results were beneficial to the translation of OS and PFS from the DCF regimen to the pooled median survival time of approximately 1 mo. However, no significant difference was found in OS or PFS between the two groups. Compared to non-docetaxel-containing regimens, Wagner et al [25] found that the results in OS and PFS might be extended slightly or without any difference [25] . Furthermore, the advantages of trivalent regimens containing docetaxel (DCF and FLO-T) might be offset by increased toxicity. Although our results did not show significant differences, it was possible that both regimens were effective in the treatment of advanced gastric cancer, probably because of the small number of cases. We looked forward to a larger scale of related research.
Our results showed an advantage in the improvement of ORR and DCR in the DCF group. Only one study [12] showed that the ORR of the DCF group was lower than that of the ECF group (26.2% vs 29.5%, respectively). These results might be because docetaxel had better efficacy, and the patient's response to this drug was relatively high. Its curative effect is largely related to its mechanism of action. Docetaxel is a taxane compound discovered in the 1990s. It mainly enhances tubulin aggregation and inhibits microtubule depolymerization, leading to the formation of stable nonfunctional microtubule bundles, thus destroying the mitosis of cancer cells to achieve anti-tumor effects. Compared with paclitaxel, it has stronger activity and broader antitumor spectrum. Epirubicin is an antibiotic anti-tumor drug, which belongs to a nonspecific cell cycle anti-cancer drug. Its mechanism is to directly insert DNA nucleotide pairs to interfere with the transcription process and prevent the synthesis of RNA and DNA. Similar to our results, Petrioli et al [26] reported that docetaxel-based regimens Abbasi et al [19] Teker et al [12] 2014 showed an increase in ORR compared with epirubicin-based regimens; however, no significant difference was found between the two groups [26] . A meta-analysis of DCF compared with non-docetaxel-containing regimens analyzed 12 RCTs for a total of 1089 cases with advanced gastric cancer. The results did not show any significant difference in CR or SD rates, but the DCF regimen can significantly increase the PR rate (38.8% vs 27.9%, respectively; 95%CI 1.16-1.65, P = 0.0003) compared with other regimens [27] . In four studies comparing docetaxel and non-docetaxel-containing regimens involving 1235 participants [24, [28] [29] [30] , the pooled ORRs were 43% and 30%, respectively (95%CI: 1.45-2.32, P = 0.002). In addition, due to higher response rates, individuals with good performance might have greater advantages from the three drug regimens, especially those containing docetaxel [25] . With respect to toxicity, hematological toxicity was confirmed to be the most common adverse event associated with the DCF regimen. In our analysis, we found high incidences of neutropenia and febrile neutropenia in the DCF group. Although it did not affect the efficacy of drugs, it might cause damage to other organs [31] . In recent years, many institutions have designed a number of improvements to regimens, such as DC or DF, capecitabine and oxaliplatin instead of 5-fluorouracil and cisplatin, or have changed the method of administration to weekly administration. Preliminary results showed that the AEs of the improved regimens were significantly lower than those of the DCF regimen, and the survival time seemed to be prolonged, but no significant difference was found in efficacy [32] [33] . Based on the national comprehensive cancer network guidelines, DCF and ECF are considered high-risk and intermediaterisk regimens, respectively, for febrile neutropenia [7] . Phase I and phase II clinical studies have shown that docetaxel-induced toxicity is better tolerated when used weekly. The frequency of myelosuppression associated with neutropenia can also be reduced with weekly administration [34] [35] [36] [37] . The AEs of DCF are acceptable only with appropriately selected patients and comprehensive toxicity management strategies. It is interesting to note that after appropriate dose reduction, the rates of neutropenia and febrile neutropenia were reduced with DCF. European and North American guidelines recommend the routine use of granulocyte colony-stimulating factor (G-CSF) prophylaxis when using chemotherapy regimens associated with a risk of neutropenia and febrile neutropenia [36, 37] . Many studies have shown that G-CSF can control these two toxicities [38, 39] . In this meta-analysis, we can see that the toxicity and side effects of the DCF regimen were relatively large, but with the improvement of medical level, the adverse reactions can be controlled and prevented. However, the combination of the three drugs should be carefully considered for the elderly and poor physique patients. Therefore, appropriate preventive measures should be taken in advance for patients who cannot tolerate the related toxicity. In addition, we should note that there are still some limitations in this metaanalysis: (1) not all of the studies are RCTs; (2) the total number of analyzed patients is small, which may not reflect the whole population; (3) significant heterogeneity existed in some comparisons; (4) some studies did not provide the data we have analyzed; (5) the number of AEs may not completely reflect the quality of life; and (6) the doses of anticancer agents were different in each study, which might increase heterogeneity between the included studies.
In conclusion, Both DCF and ECF are effective regimens for advanced gastric cancer, with comparable PFS, OS, and total AEs. The DCF regimen has greater advantages over the ECF regimen in terms of ORR and DCR. However, the incidence rate of grade 3-4 AEs is also higher in the DCF group. Due to the inherent limitations of the study, more large-scale and high-quality RCTs are needed to support this conclusion. 
ARTICLE HIGHLIGHTS
Research background
Gastric cancer has always been a disease with high morbidity and mortality in the world.
Because of the lack of obvious symptoms and signs in the early stage, many patients are found to 
Research motivation
In many studies, both DCF and ECF regimens have shown good outcomes, but on the other hand, they also show many disadvantages, especially in the adverse effects (AEs). Since there is still much controversy in this field, and there is lack of evidence of evidence-based medicine in relevant fields to prove that which regimen is more suitable for clinical use, it is necessary to conduct relevant meta-analysis. This study therefore aimed to provide a more focused analysis through the evaluation of the survival outcomes and AEs between DCF and ECF regimens.
Research objectives
Our primary objective was to analyze the efficacy of the two first-line regimens in the treatment of advanced gastric cancer by obtaining the best and latest data from clinical trials. In the discussion section, we cited many frontier studies in related fields, and focused on the analysis of the reasons for the difference in therapeutic effect between DCF and ECF regimens. At the same time, we also hope that our research can play a guiding and helpful role in clinical medication.
Research methods
We conducted this meta-analysis according to the Preferred Reporting Items for Systematic Review and Meta-Analysis guidelines. Seven main databases were searched up to August 31, 2018. Search results were limited to original human studies, and search criteria were restricted to randomized controlled trials or cohort studies without language restriction. We selected studies according to the PICOS principle. The Jadad scale and the Newcastle-Ottawa Scale were used to assess quality of the studies, and RevMan and STATA were used to analyze the data. Progression-free survival (PFS) and overall survival (OS) were analyzed by the pooled hazard ratio. Objective response rate (ORR), disease control rate (DCR), and AEs were analyzed by the pooled risk ratio. The heterogeneity test was evaluated by using the Q test and I 2 statistic. If P > 0.1 and I
Research results
Our meta-analysis included seven high quality articles and 598 patients with advanced gastric cancer for the final analysis to compare the efficacy and safety of the DCF regimen and ECF regimen. The results showed that DCF and ECF were both effective with comparable PFS (95%CI: 0.58-1.46, P = 0.73) and OS (95%CI: 0.65-1.10, P = 0.21). The DCF group showed significantly better ORR (95%CI: 1.13-1.75, P = 0.002) and DCR (95%CI: 1.03-1.41, P = 0.02) than the ECF group. We evaluated toxicities between the DCF and ECF groups based on total (allgrade/grade 3-4) AEs. The AEs between the two groups were only significantly different in the aspects of neutropenia (95%CI: 1.25-2.16, P = 0.0003) and febrile neutropenia (95%CI: 1.17-4.12, P = 0.01), while other toxicities showed no statistically significant differences between the two groups.
Research conclusions
This study is the latest meta-analysis to compare DCF and ECF regimens for advanced gastric cancer. From this result, we conclude that DCF regimen seems to be more suitable for advanced gastric cancer than the ECF regimen. This finding is extremely important for the research and guidance of clinical medication in related fields. DCF regimen, like most drugs, is not perfect and in some respects shows some unsatisfactory aspects. We cannot deny the effectiveness of DCF in the treatment of advanced gastric cancer, but we cannot ignore its side effects.
Research perspectives
Our evidence of evidence-based medicine is mainly based on the original clinical research, but at present it seems that the research in related fields is still very deficient, which directly leads to the great limitation of our access to clinical evidence. Although there is still much controversy about the first-line drug use in the treatment of advanced gastric cancer, because gastric cancer cells are relatively sensitive to chemotherapeutic drugs, it is expected that larger clinical trials in the future can be conducted for related research.
